Summary Occupational statements on death certificates of 2,457 males aged 25-64 who died from bladder cancer in selected coastal and estaurine regions of England and Wales during [1965][1966][1967][1968][1969][1970][1971][1972][1973][1974][1975][1976][1977][1978][1979][1980] were studied.
Bladder cancer has been recognised as an occupational disease since the late part of the nineteenth century. The causal association with exposure to aromatic amines used in the chemical dyestuff and rubber industries has been well documented (IARC, 1990) . Exposure to these agents has been curtailed since the 1960s. More recent epidemiological evidence suggests that exposure to other agents, such as coal combustion products, diesel and petrol exhaust fumes, cutting oils, chlorinated aliphatic hydrocarbons and creosote may entail a carcinogenic risk. Additionally, tnere is evidence of elevated risk among certain occupational groups such as painters, textile workers and shoemakers and repairers, but it is not clear which agents are responsible.
In England and Wales, analysis of the geographical distribution of bladder cancer mortality has indicated high mortality among males in some coastal and estuarine districts close to large industrialised centres (Dolin, 1992) . High bladder cancer mortality among males in these areas may result from employment in industries which tend to be located close to the coast. The purpose of this study was to examine bladder cancer mortality in relation to occupation in coastal areas which have a high mortality rate.
Materials and methods
The study was centred on 59 administrative districts of England and Wales (Appendix I). These districts are located near the coast or estuaries, are close to urbanised centres with elevated mortality rates for bladder cancer, and have a sizable proportion of their workforce employed in the chemical, transport and port-related industries. The study region accounts for approximately 25% of the national workforce and includes parts of London, Bristol, Cardiff, Liverpool, South Tyneside, Cleveland and Humberside.
Cases consisted of 2,457 males aged 25-64 who died from cancer of the bladder during 1965-80 and whose usual place of residence was within the study region. Copies of death certificates for all cases were obtained from the Office of Population Censuses and Surveys (OPCS). Information on occupation and industry of usual employment was extracted from the death certificates and coded according to the 1970 Classification of Occupations (OPCS, 1970) and the Standard Industrial Classification (Central Statistical Office, 1968 (OPCS, 1988) .
No information was available on the smoking status of cases. Because of the possibility that observed associations could be confounded by smoking, degree of urbanisation was used as a proxy measure of smoking and other non-occupational factors. Each district was categorised by degree of urbanisation (1-99,999; 100,000-249,999 and 250,000 + residents).
Indirect age standardisation was used to calculate for each occupation and industry a mortality ratio standardised for age and degree of urbanisation (SMR). The SMR denominators were calculated by multiplying age-and urbanisationspecific mortality rates by the age-and urbanisation-specific population estimates for each occupation and industry.
Ninety-five per cent confidence intervals were calculated using tables of confidence limits for the mean of a Poisson distribution (Pearson & Hartly, 1976) .
Assessment of risk associated with exposure to specific chemical agents was undertaken using a job-exposure matrix developed by Pannett and colleagues (Pannett et al., 1985) . Occupations were identified in which a high proportion of workers in 1950 were likely to have been exposed to a specific chemical agent. The observed and expected number of deaths for the selected occupations were summed and an SMR calculated. Tables I and II show observed and expected deaths The study does however have a number of strengths. First, precision was maximised by pooling deaths over 16 years and by excluding cases aged 65 or older; younger persons were more likely to have an autopsy and thereby a more accurate diagnosis than older persons. Second, bias due to misclassification of occupation was minimised by only including persons of working age. Third, mortality ratios were standardised for both age and degree of urbanisation. The absence of data on the smoking habits of cases and the underlying population was partly circumvented by using degree of urbanisation as a proxy measure of smoking and other nonoccupational factors. Adjusting for degree of urbanisation had little influence on risk estimates, other than slightly shifting the SMRs towards unity.
Results
Transport workers Increased risk was seen for all railway workers (SMR,222). The SMR for each railway-related occupation was elevated: railway engine drivers (SMR,161), shunters (SMR,149), guards (SMR,258) signalmen (SMR,146) and lengthmen (SMR, 147) . Six recent case-control studies have presented data on bladder cancer risk among railway workers, five of which reported risk estimates above 1.0 (Howe et al., 1980; Silverman et al., 1983; Veneis & Magnani, 1985; Brownson et al., 1987; Claude et al., 1988; Risch et al., 1988) . One cohort study of railway workers evaluated bladder cancer risk and found a relative risk of 1.0 (Howe et al., 1983) . Railway workers may be exposed to a range of substances in their workplace. Most engine drivers would have been exposed to coal dust, polycyclic aromatic hydrocarbons, soot and tar. It is not clear what chemical agents other railway workers would have been exposed to.
An association was found with the sea transport industry (SMR,157) and the port and river transport industries (SMR, 138). Analysis by occupation revealed an excess of deaths among deck and engine room crew (SMR,442), an occupational unit which includes merchant seamen, barge operators and boatmen. Increased risk was also found among ship's officers (SMR,130), but a slight deficit of cases occurred among dock labourers (SMR,95). Four case-control studies have reported on bladder cancer for sailors and the shipping industry, three of which found reduced risk (Lockwood, 1961; Dunham et al., 1968; Silverman et al., 1983; Jensen et al., 1987) . Kelman and Kavaler (1990) studied disease patterns in merchant seamen and suggested that seamen tend to be heavy cigarette smokers, consume more than average quantities of alcohol and work in shipboard environments characterised by the inhalation of gas and oil exhaust fumes. The crew of ships may also be exposed to solvents, metalbased anti-rust paints and creosote.
Exposure to diesel exhaust
The job-exposure matrix identified four occupations in which the majority of workers were exposed (but only low exposure) to diesel fuel or diesel fumes: truck, bus and taxi drivers and truck drivers' mates. The combined SMR for these occupations was 106. SMRs above 100 were seen for truck and taxi drivers but not for bus drivers. Thus, this study provides limited support for an association between bladder cancer and exposure to diesel exhaust.
Electrical and electronic workers An excess of cases occurred among electrical and electronic workers. Specific occupational groups with elevated risk included electrical engineers, electricians, telephone installers and repairers, and telephone linesmen and cable jointer. It has been suggested that electrical workers are promoted by next of kin to the more prestigious title of electrical engineer at death registration (OPCS, 1978) . This may account for the elevated SMR among electrical engineers being substantially higher than the SMRs for other electrical workers, but does not account for the overall excess of cases for all electrical and electronic workers.
There is limited epidemiological evidence of a risk among electrical and electronic workers. Seven case-control studies and one registry-linkage study have examined bladder cancer risk among electrical and electronic workers, of which four found at least a 20% excess of cases (Anthony & Thomas, 1970; Silverman et al., 1983; Baxter & McDowall, 1986; Coggon et al., 1986; Malker et al., 1987; Claude et al., 1988; Gonzalez et al., 1989; Schumacher et al., 1989) . Steineck et al. (1989) reported elevated risk for exposure to polychlorinated biphenyls (PCB). PCBs have until recently been widely used as coolants in electrical transformers. In the current study, no single occupational or industrial group was identified in which most workers had exposure to PCBs. However, some workers in the electrical machinery, insulated cable manufacturing and electricity industries probably had high exposure to PCBs. An excess of cases occurred among electricity industry workers (SMR,133; 95% CI, 93-185) but a deficit occurred among electrical machinery and insulated cable manufacturing workers (SMR, 36; 95% CI, , although the later probably underestimates the true risk because insufficient information was available for many engineering and manufacturing workers to be assigned to an exact industry. Some radio and radar mechanics, telephone installers and repairers, electrical fitters and electrical assemblers probably had low exposure to PCBs. The summary SMR for these occupations was 130 (95% CI, .
Shoemakers and repairers Eight deaths occurred among shoemakers and repairers whereas less than two were expected. Misclassification of other leather workers (obs, 1; exp, 6.4) as shoemakers or repairers may explain the observed excess. Seven case-control studies and one cohort study have evaluated bladder cancer risk among shoemakers and repairers, six of which reported risk estimates above 1.0 (Wynder et al., 1963; Schoenberg et al., 1984; Vineis & Magnani, 1985; Baxter & McDowall, 1986; Walrath et al., 1987; Claude et al., 1988; Bonassi et al., 1989; Silverman et al., 1989) . The agent responsible for the risk is unknown. Shoemakers and repairs may have been exposed to a range of agents including leather dust, dyes, adhesives and polishes.
Food industry workers In this study, an excess of cases was found among bakers and pastry cooks and food process workers, and in the following food industries: bread and flour confectionary, milk and milk products and extraction of vegetable and animal oils and fats. There is little epidemiological support for our finding of increased risk among bakers, pastry cooks and other workers in the bread and confectionary industry. One cohort study (Carstenssen et al., 1988) , three case-control studies (Silverman et al., 1983; Veneis & Magnani, 1985; Claude et al., 1988) and one registry linkage study (Malker et al., 1987) have reported on bladder cancer among bread and confectionary workers and each found no evidence of elevated risk.
Nine deaths occurred among milk industry workers, whereas 4.0 were expected. Included in this category were workers employed in establishments undertaking milk processing and pasteurising and the making of butter, cheese and ice cream. The risk of bladder cancer among workers in the milk industry has not been evaluated in previous studies.
Nine deaths occurred amongst employees of establishments involved in the extraction of vegetable and animal oils and fats. Coggon (1986) in a case-control study of bladder cancer incidence in the north of England also found an excess of cases among men employed in the production of vegetable and animals oils and fats. The nine cases observed in the present study are different cases from those reported by Coggon. A further two cases employed in the oils and fats extraction industry were identified but excluded from these analyses: one died from sarcoma of the bladder, the other had dual primary sites (bladder and breast) with death being attributed to breast cancer. It is possible that bladder cancer risk resulted from exposure to one of the solvents used to extract the oils and fats.
Tobacco industry Excess mortality among employees of the tobacco industry (SMR,227) agrees with the two-to four-fold increase in risk of bladder cancer due to smoking cigarette reported in other studies (Dolin, 1991) . However, a far stronger risk was seen for those workers specifically involved in tobacco manufacture (SMR, 694). These findings suggest that workers involved in tobacco manufacture are at particularly high risk of bladder cancer, higher than could be accounted from by smoking alone, and that occupational exposure to tobacco during its processing must entail some carcinogenic risk.
Fishermen
An elevated risk was seen for fishermen (SMR, 296 Glass workers An excess of cases occurred among glass formers and finishers but not among other glass workers. This may reflect misclassification or promotion by next of kin of the other glass workers (obs,2; exp,10.3) to the higher status occupation of glass formers and finishers (obs,12; exp,5.7) . Previous studies provide inconsistent evidence for an association. Three studies have reported an excess of bladder cancer among glass workers with relative risk ranging from 3.8 to 6.0 (Howe et al., 1980; Silverman et al., 1983; Coggon et al., 1986) while three others have found no association (Anthony & Thomas, 1970; Malker et al., 1987; Gonzalez et al., 1989 ).
Exposure to dyestuffs The job-exposure matrix identified five occupational groups in which most workers were likely to have been exposed to dyestuffs. For two groups (dyestuff and pigment manufacturing workers and textile dyers) most workers were likely to have had high exposure (SMR,51), while in the remainder (paper and paperboard manufacturing, textile finishing and linoleum and plastic floor covering manufacturing workers) most had low exposure (SMR, 107) . This suggests that little risk is associated with exposure to dyestuffs and is consistent with Case et al. (1954) who demonstrated that carcinogenic risk among dyestuff workers resulted from exposure to aromatic amines during the manufacture of dyestuffs rather than from exposure to the dyestuffs themselves.
Exposure to aromatic amines A 20% excess of cases were employed in occupations in which most workers were likely to have been exposed to aromatic amines. Most of the excess (SMR,123) occurred in occupational groups in which most workers had low exposure to aromatic amines (painters and decorators, paper makers, linoleum and plastic floor covering manufacture, photography workers, compositors, radiographers, turners, tool setters, tool operators and tool makers), where as little excess (SMR,108) occurred in occupational groups in which most workers had high exposure to aromatic amines (printers, printing press workers, rubber workers, textile dyers, textile finishing, tanners, dyestuff manufacture and coach painters). The small risk for the high exposure group may reflect improvements in working conditions in industries where high exposure to aromatic amines has traditionally occurred.
Exposure to paints and pigments The summary SMR for high exposure to paints and pigments was 136 (95% CI, 107-171) based on four occupations in which most workers were likely to have been exposed: painters and decorators, coach painters (mainly railway coach painters), spray painters and paint manufacturing workers. A consistent excess of bladder cancer among painters has been shown in two large cohort studies and collections of national mortality statistics, plus 15 case-control studies have examined bladder cancer in relation to exposure to paint, eight of which have shown an excess in all painters (IARC, 1989) . The recent review of occupational bladder cancer by the British Association of Urological Surgeons (BAUS, 1988) makes no mention of risk among painters. The present findings together with supporting epidemiological evidence suggests that this group of workers may be at particular risk of bladder cancer. Painters may also have been exposed to a wide range of other substances including solvents, metal-based paints and chromium compounds.
Coach and spray painters and paint manufacturing workers may also have had high exposure to benzene.
Exposure to cutting oils Four occupational groups (turners, machine tool setters, machine tool operators and tool makers) had high exposure to cutting oils, the summary SMR was 130 (95% CI, 98-169). Elevated risk has been reported in most studies of machinists reviewed by IARC (1984) and Steineck et al. (1990) . It has been suggested that excess risk among these workers may result from exposure to cutting oils containing aromatic amine additives (IARC, 1984) .
Exposure to benzene A summary SMR of 142 (95% CI, 103-191) was found for occupations in which most workers had high exposure to benzene. Included in this category were compositors, printers, printing press operators, spray painters, coach painters, paint manufacture, dyestuff manufacture, rubber workers, textile finishing and manufacture of waterproof outerwear. The summary risk estimate may be confounded because some of these occupational groups also had high exposure to aromatic amines.
Exposure to polycyclic aromatic hydrocarbons No increase in risk was found for exposure to PAHs. Occupational groups with high exposure to PAHs include furnacemen and labourers at coke ovens and gas works, furnacemen and other workers in foundries and metal rolling mills, and chimney sweeps. In the present study, none of the cases worked as chimney sweeps and less than 0.1 case was expected. Doll et al. (1972) reported an excess of bladder cancer among coke oven and gas workers in England and Wales. In the present study, five cases worked as labourers in coke ovens and gas works, whereas only 1.8 were expected. However, this excess may have resulted from misclassification of coke oven furnacemen (obs,0; exp,3.8) as labourers.
